1 9 2 0 3 1 (Nymphalidae: Satyrinae). We contrast divergent taxonomic opinion-splitting, lumping and 3 2 misclassifying species-in the light of different phenotypic classifications proposed to date. Our 3 3 results provide a solid background for the recognition of 22 species. The synergistic approach 3 4
Bayesian method for grouping individuals into multispecies coalescent clusters (MSCC). The unlinked in the analysis. We assigned to the mitochondrial COI locus a gene ploidy of 0.5 and to 1 7 5 the remaining nuclear loci a gene ploidy of 2.0 (diploid). Uncorrelated relaxed-clock models were chosen for all loci, and we estimated nuclear clock rates relative to the COI mean clock rate fixed to 1.0. The relative clock mean priors were all log normal (M = 0, S = 1). We used the 1 7 8 birth-death-collapse model following Jones et al. (2015) with GrowthRate prior as log normal (M 9 = 5, S = 2) and relative DeathRate as uniform in [0, 1] , while the popMean prior was set to log 1 8 0 normal (M = −7, S = 2). In STACEY, the discovery of MSCCs relies on two parameters that control node collapsing in of MSCCs has a mean of 1 + (n − 1) × (1 − ω ), where n is the number of individuals in the 1 8 8
dataset. We set ω to 0.73 or 0.59, corresponding to 18 described species and 26 taxa (the 18 1 8 9
sampled subspecies elevated to species), respectively. In addition, we carried out a third analysis 1 9 0 that did not take into account prior taxonomic information on the number of species by using a 1 9 1
Beta distribution (α = 2, β = 2) as a prior for the parameter ω . The analyses were run four 1 9 2 independent times for 200 million cycles each, with parameters sampled every 20,000 cycles. Sampled trees were combined after discarding the first 25% samples as burn-in and checking that acknowledging ε = 1e−4. We chose the clustering with the highest posterior probability (counts) 1 9 7
as the working species hypothesis. In order to account for incomplete lineage sorting and to avoid any of the pitfalls of using Raftery 1995) calculated from the posterior tree samples, and we considered lnBf = 2-10 to 2 5 2 represent positive but not conclusive support and lnBf > 10 as decisive support for the species 2 5 3 hypothesis with the highest marginal likelihood estimated through path sampling. We must rely on secondary calibrations to date the phylogeny of Haeterini because there are no vi) The crown age of Satyrinae to 41-67 Ma. Time-calibrated species trees were inferred using BEAST v2.4.7 and the analyses were run four 2 7 0 independent times for 200 million cycles each, with parameters sampled every 20,000 cycles. from the posterior distribution. The single-gene and concatenated multi-locus tree topologies were congruent and showed no were recovered in single-gene and in the concatenated multi-locus datasets, with PP ranging 2 9 0 from ~0.6 to 1.0. The six loci chosen for this study have been previously utilized in butterfly 2 9 1 species-level systematics, thus, we expected these loci to be phylogenetically informative ( Table   2  9  2 2). Instead, we recovered low node support among certain Haeterini species (Fig. S1 ), such as 2 9 3 14 those that rapidly diverged early in the evolution of Pierella, or in the recent radiation (< 2.5 Ma) 2 9 4 of the genera Pierella and Cithaerias. Regardless of which prior was used to take into account taxonomic knowledge for the in the STACEY analysis using ω = 0.59 ( Figure S2 ). On average, the posterior probability that analysis that did not take into account any taxonomy information (parameter ω with Beta 3 0 7 distribution [α = 2, β = 2]) did not group any specimen in the dataset into MSCCs. The MSCCs inferred by BP&P showed high sensitivity to prior distributions for the parameter θ .
The scenario with small ancestral population size, i.e., θ = IG[3, 0.02], suggested that nearly suggests that more data, both genetic and taxon sampling, is needed to strongly inform the The eight species delimitation hypotheses ranged from 18 to 63 species (or MSC clusters) (Table 3 ). The differences between these two species hypotheses are: 1) the delimitation of two Haeterini, thus, we used this delimitation as a proxy for recognizing taxonomic subspecies in the radiation of Pierella and Cithaerias occurred in the Pleistocene, at about 1 to 2 Ma (95% HPD:
3 5 5 0.5 to 2.5 Ma). We estimate that these two diversification events gave rise to about 70% of extant 3 5 6
Haeterini species. Regardless of the species concept advocated by different researchers, traditional taxonomy and 3 6 0 coalescent-based approaches can act in synergy to infer statistically robust species hypotheses. particular species groups has been statistically weighed by the approach followed in this study.
6 5
This is important as a first step towards reliable standardization of taxonomy and higher-level 3 6 6
systematics based on models that take into account the process of speciation (e.g., incomplete 3 6 7 lineage sorting) and not just arbitrary genetic distances as in threshold-based approaches (e.g., based on COI barcoding). More realistic models of speciation that include, for example, inter- sources suggest that in the near future coalescent-based approaches based on multi-locus data 3 7 7
may be able to overcome many current shortcomings in delimiting species. Limitations and strengths 3 8 0
The dataset and approach that we have followed here are not exempt of limitations. First, the inter-specific gene flow may impact current implementations of the MSC by obscuring lineages ). However, we note that this issue needs to be further 3 9 2 studied in the light of more data and using recently-developed approaches, such as the isolation- The strengths of our study rely on three key aspects. First, we have not used any a priori 4 0 4 taxonomic assignment of individuals to species, nor any guide species tree to delimit species. This allowed us to include both tree topology and taxonomic assignment uncertainties explicitly 4 0 6
into the models, avoiding potential biases that may have precluded accurate estimation of 4 0 7 speciation probabilities (Leaché and Fujita 2010). However, we note that the posterior be explained by non-sufficient signal of our molecular dataset. We expect that adding more 4 1 0 genetic data might increase the posterior probabilities while holding the same delimitations, 4 1 1
given that different approaches converged in the same species hypotheses regardless of the low Bayes factors) of alternate species delimitation models, but these mostly evaluated different Our approach focused on using the multispecies coalescent model, informed by taxonomic in STACEY and BP&P. This is arguably a less arbitrary approach to reduce the space of all the potential to ameliorate potential biases (e.g., population structure raised to species), which 4 3 6
have been observed when relying solely on genetic information and guide trees (Olave et al. implementation thanks to available guidelines and manuals (e.g., Jones et al. 2015; Yang 2015) .
7
The most supported BP&P's delimitation followed a conservative prior distribution for the size According to our results, these eight lineages are likely full species (a taxonomic revision in 4 8 0 preparation is addressing this). their similar wing coloration). We did not find support for the species status of Pierella that the reliability of this character system in different lineages should be further investigated. As divergence (Descimon and Mallet 2009). Therefore, we suggest that P. keithbrowni should be 4 9 8 synonymized with P. chalybaea (work in preparation will address this). Here we show that for the butterfly tribe Haeterini, the multispecies coalescent model generally 5 0 2 recognizes traditionally viewed butterfly subspecies and species, with some exceptions linked to 5 0 3 the use of different morphological character systems. By using a probabilistic framework, we 5 0 4
have shown that divergent taxonomic opinion (concepts) were used by different authors, to P. lena lena than to brasiliensis). Androconial patch morphology is commonly used as 5 0 9
informative character to diagnose species, but we showed that at least in Pierella it alone may 5 1 0 not be well-suited to distinguish infra-and inter-specific diversity. Furthermore, taxonomic 5 1 1 knowledge informed as priors in MSC-based species delimitation using genetic data is a robust 5 1 2 approach to reduce the clustering space in model testing. The low node support recovered among certain Haeterini species may be attributed to incomplete 5 1 5 lineage sorting due, for example, to ancient rapid radiation as in the crown node of Pierella or to No. MARIPOSAS-704035). NW was supported by funding from the Academy of Finland (Grant assistance in running and interpreting results from STACEY. Pakitza, Manu National Reserve; Smithsonian Institution). 
